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(57)Abstraet: 

PROBLEM TO BE SOLVED: To provide a method and a device for e 
detecting of a plasma. t 
SOLUTION: A device is provided with a contact member, which is 
exposed to a plasma forming region in a semiconductor 'wafer g 
processing chamber T16 and which floats electrically. The floating *> 
contact is connected to a measurement device 1 64. When a plasma 
1 77 exists in the piss ma forming region, the plasma induces a 
voltage on the floating contact 162. and the voltage is detected with 
the measurement device. I , » & 
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* NOTICES * 

JPO and NCIPI era not responsible for any 
dangee caused !w tfco -use. of -this- translation. 

2 ~th^^^^ M ^^ 8,atod ^ CCmP V ter J S ° the t^nslation may not reflect the original precisely 
*•*+++ shows the word which can not be translated. ^ y 

3Jn the drawings, any words are not translated. 



CLAIMS 



[Cleim(s)] * " — 

[Claim 1] Equipment characterized by i«vir. 6 v.* m^ U rcr«wt d*riw which is-fqoiprrmmrfor deteotina thfe ciaama 
LSlZl™ £ mC( ? ? h ^ b 1 iS comb, "« J tho contact which haa floe^d^cS^I^SSten^aT^ 
may changawnen put to the above-mentioned plasma, and the above-mentioned floating corrtLt P^""*"" 

SnZSr^^ZTZ^T °° ntaCt ,S eqU ' Pment B ° COrdinB tD °' a " n 1 cteHzed by consisting of a 

voS 3 ^^ «"*»™* - «*•« 1 character by obtaining bl-a 

W^abo* W vo^! enti ° ned ' S eqU ' Pment aCcord, "S to 3 characterized by being about 3.6 

vowST^lT^^*^ 611 mftaaure,nfint i9 equipment according to claim 1 characterized by having the. 

SX^SSSS^S^J^ 1 ° h0raCteri2ed * ^trosteuo-ohuok ranged i, 

52*"" ^J?* "^ n ^ 0ned flostin6 co"t*ct is equipment according to claim 1 charactered by l,avi.,«i r u «uW - - 

^?r^f r e/ " ber ^ S C °^ Wned VVi l h tfcaboyftrmemlonedmeesuremant devico and ptS to th« IboVe-^ 
mentioned plasma, and the msulatmg member which insulates the above-mentioned contact member fromS.7 
above-mentioned processing chamber electrically. 

vSwte^r^r e_TOnt,0nCd measurement device is ■Shipment according to claim 7 characterized by having the 
E!£™If* u! Pf" ert \? ha ««erized by having the. processing chamber which haa the wall and lid which arc 
^^JZ^JSlt??* Pl3 j m3 f? d d«"»rcate a plasma treatment field, the target which approaches the 
Sv^^e^^^^^^ -~ ~* ^ -asuremeht 

iSST 1? Theabove-menrtio^d processing chamber is equipment, aocoofingto d»in 1 .B.nharaoteriz«d*yJv,vtoB 
J^d^SST" ar,anged abo — Processing chamber and naa « lea* tne 

2SJ Vy S toVSmir e,,t,e>ned PrOCS33ing Chambor i3 •«*»>•«* according to claim 8 characterized by having the 
^^^^^^^^1 e<,Uipment ^ **" 9 ^raoterized by obtaining bie, voltage 

^/or 1 ab^Vo b io^ nti0n * d VOltaK * fS e£,Uipmant a** 1 "*"* 10 12 characterized by being about M 

*e a v^H^itI^ 8 r^.' nnent,0ned mC3SUrCment dev!cC iB ^"iP^"* according to olaim 9 characterized by having 

[Claim 15J-The above-mentioned proceasing.ohamber is equipment tojoording.to ciaim 9 Characterized by beinaa 
physical-vapor-deposrtion chamber. m.i«ueogyoeing(i 

L?Jctrirlnl^l P Tr^!Sr rdl !l t0 ?' a!m " ^^rized by having further the power source which floats 
clea^systom i^nt£d. " COmb,Md W and the above-mentioned 

ehL B rTllrfJ!]t! PPr ? 8 ^ h ""J?* I* fPP. r °f ch «* detecting that the plasma exists in a processing chamber, and Is 
tZlZ^Z by mcluding the step wh.ch floats electrically the contact put to the plasma treatment field of the 

fiefd^^ 11*1^*'** Chamk r- th ?J ft* " W « h ■"*•« th « Pl««a ignite into the above-mentioned processing 
fie id, and the step which measures the voltage level of the above-mentioned contact. 

S a <^^o^aXr1a^°^ " aPPrOSOh **» 17 characterized by being a physlcal- 

eh»r£*l!- H3 ft K 9 * eP . W ^ eh * 0a ! 8 ** a"»o«e-mentioned contact electrically Is an approach according to claim. t8 
charactenzed by mcluding further the step which insulates the power source combined with the above-merrtloned 

c ^J^ T !Tk! b0 ^Z m * ,1 u!r" d V °'^*' o' 1 "* above-mentioned contact is an approach according to claim 17 
oharoctenzed by induction being earned out by the above-mentioned plasma. 
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* NOTICES * 

JW) and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. ^document hs 6 been translated by computer. So the translation may not reflect the original precisely 

2. **** shows the word which can not be translated. y * 
3in the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed DescriDtion of the Invention] , 
[0001] 

0=Terd of the Invention] Generally this invention relates to the equipment for supervising the processing in a semi- 

eo^nl ^JISS^S^'i ^■■«™""* relevant to If it states in. detail, thta. irn^ioTre^ 4™ 

equipment which detects the plasma in a processing chamber 

[0002] 

description of the Prior Art] In many semi-conductor processing actuation, it is crificaTity-like to continue makiruz 
tlS^TZZZ Pr °^T n ^* to " d * * t,U tn . order to 8ttoin these ^jeota. electrostatic e* machine and/orV 

^ ^?^^r Vtfia Ji ka a ^f° UUm ohuck are *»™°" i" substrate support pedestal, and hold a 
^bat^tc on the support front fooo of a podcatal In many ooaoo. An olootroetotio ohuok hao tho onorglaetion under 
procossins, and quick **** time amount; possibility of- damaging 9- subrtrrte is low. and the pedestal in which the 
otos^rfSy WM PrCParCd M a malnteflancc device since all the front faces of a wafer were expwed is 
C0OQ3] An electrostatic chuck is operated by impresaing direct current voltage to the.electrode embedded in 
d j^ e .^™ t *. r,al t Tn « ,m P«» S6 « d efectrical potential difference generates a charge on the support front face of an 
eiactrostobc chuck, and makes the background of the substrate with which this charge touches a support front faH 

S^n^Aici^i^r^^i*'^^ rosista ?f 0 00 *• ^ of support is a parameter important for chucking and the 
DECMAKKINGu engine performance (namely, clamping of the substrate on the front f**rx,T Suppor i. and the repeal 
sua^fro^tL* tZ? "TT ™^-"ethe property specific re.iX.oe wh*h £e 

support front fece meant, migration of the charge which weakens the chucking force, and the flow of a current are 
STc£ e k : °° ,tta,T T flt,0n on * « huch ™*« the specific resistance of a ohuok increase, en^o^ges 
^ ITT e r*?r Parasiticslly by it in many oases. Therefore, in order to make it function as resaS" 
* ™ 6t be made for there to have to be a contamination, in the support front face of an electrostatic chuck. If 
substantial currant leakage occurs or residual charge is established in an electrostatic chuck, the chucking force will 
decrease or it will come to be lott'thoroughly. 8 wl " 

S D ^ ch h aXr ! ™^ 8Ur fr^ f eleo ? ro ? tat : 0 ohu <* ^ rfQoe contamination is absorption of gas in case aeration 
Of the chamber >s earned out to atmospheric air, or a reaction on gas and the front face of support of an 
electrostatic ohuck (typ.eel|y eeromio Jngrodlent). If the support front face containing residual atmospheric gas is put 
£th« TT^""",f ' PrOCB83inB ' the contamination film of low specifio resistance will bfformeT 

Lr^«« « J J PP ° rt ^ fac f -.f f . t " ne 9mount of the chamber Is repeatedly carried out during 

process.ng of many wafers and it is put to an elevated temperature, the thickness of a contamination fHm will 

f aPO °' fiC r eiSta T° W! " WhCn 8pC0,fic "= £i5tanCC of * contamination is lower^n £ specific 
fi^^%„ A Ceram i C ' ^ ^f™ 3 * 8 ^ ohu «* ba ®" 3 «* "P the charge of raveled polarity in the contamination 
film oself^and it is not made it to carry cut induction to the substrate on a contamination film. Therefore the 
chucking force between a substrate and a pedestal is lost ' 
[0006] It depends on the operating temperature of an electrostabo ohuck for the effectiveness cf a ccntamJnatren 
Sid a^Slnl th«t, U .f' nB P r forma " CB ** *»" thickness of a contamination film and specifio resistance, 

and a list Since the bulk specific resistance of an electrostatic chuck is Inversely proportional to the temperature 
In low temperature to which bulk specifio resistance becomes higher, the effectiveness of a conductive 
cortor«^,onfilm becomesmuch more serious. If the weak chucking force is observed in en elevated temperature. 
**** will become that therefore, an electrostatic chuck does not almost have the chucking foree less in low 
temperature. The master variables which govern formation of the contamination film to a ohuck top are time amount 
n^£n a"* !H op ? ret ! n « temperature and its temperature, and time amount put to atmospheric air 
LU007J a contamination film continues growing on the front face of an electrostatic chuck until the formed 
^rSr^n « m I* removed *> y maintenance procedure. Maintenance is carried out periodically and removes a 
contamination film from an electrostatic chuck support front face. 

[00081 One maintenance procedure consists of low power ptasrna'etching to which the spatter of the contamination 
s earned out from the support front face of an electrostatic (in situ) chuck with the location. In ord^ to c^ out 
this maintenance procedure, it is instaiied on RF power source, an automatic— tuning -RF matching circuit end the 
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!^TrtI^ «»napply a service controller. The plasma is generated In e processing chamber by impressing RF 
out to ^ • , « c * r ? etat i c chuck - argon gas flow into a chamler. Bias %TE2? te oTrried 

o££ ? £ 1 P T flnd o', t m8keS arSOn ion Co,,ide wrt " 3 °huck front face, and carries outTe ~ 8 p«Xr~ 

of the contem.nat.on layer to .on. Plasma etching was carried out and the electrostatic chuck afte^allthe 

ZSZZSZ"* condtton-of hiding a sobatr^^tllt^tte^ance 
[0009] The problem of one using-low power plasma etching **** i« that it is difficult to check that «h* u„ = 
-ITo^ ^Tk ^ chamb ? r can be Therefore, e user can Identify existence of the plasma visuaHyl^ee^ tine 

ch^e^r-s^ ™: ££f 

SSS^^SZS^ST 6 mUS ! ^ if * *<* *^" d i" oleenance of the contamination from an 

^ «P0«t of maintenance procedure makes the- down-time- of a processing chamber fnereese 
e P^duobon throughput. Thenar*, in a field, the want to the ^Z7^ ^ 0 TZk2T^v 
100W tne .P ,a6ma m * semi-conductor processTng chamber exfets for the time being. 

L J^™Z ^J^T^ 7(16 oe !* rt «*ompanying the conventional technique la canceled [ that the plasma 

on IJT'r T^Tu" 5 ^ Bmb<:r - B " d 3 by the plasma detection system determ^ed easily. tt.^Tlaem*. 

~ - ^Tcon^r^ T'Z? k-^ ^ oontect <nemeV. - from touch-down - electric - ' - flo^ng^ 

r „ _ J* r f^ U,r ? ) wh,ch combined with the measurement device and put to the plasma fcrmation field 

^efof ooSct ^ 3 P '" Sma f ° rmat!on fieW - ^ d *• which measures the voltage 
[00133 He can understand this invention easily from the explanation which refers to *h«* ». 

[0014] 



[Embodiment of the Invention] Drawing 1 is the schematic diagram showing the plasma detection system 160 of this 
p^am^x ^^^imi^ 6 ^" ndUCt0r WflfCr P ~ C02si "« 10a This invention dtr^c« efre^veTth^Sfe 

vao^ Jo n ^^^7?fr m ' -Z ondut *° r P«**«aing syetem 100. Generally this invention is applicable to a phyeioal 
vapor Oeposrbon (PVU/. i.e., a sputtering chamber, a Chemical-yacuum-depoaition IOVO) chamhsr a rt rf ««r 

Moreover. ,n order to hold a substrate in the chamber „hi eh has p , 8Sma treatment, i.e., a cleaning cyX th? s 
rnvention is applicable if the electrostatic chuck is used. K cyc, °' ™ s 

[0015] Aa an example, drawing 1 is drawing showing the outline of PVD100. i.e., a sputtering avstem Th* «,«t* m inn 
contains the processing chamber 118; the gas panel 170. the cleaning -stem 1 "oSlhe *«ZtV^ J^^Zl?? 

SS^X^JZ SET?"* *°™™f?*«>' — * * the processing" 5^TmSh£ _ 

famAi™ in ^ i!^ hardw f re c °mP<>ncnt uke a vacuum pump should note having omitted for clear-iring. 
KlJTl \^f ra l 8 l£ rOCe8 f. ,, i , ;. Cha T b ! r 116 COntain8 r9tatnln « rin * 112 ««^hed in the top of^^ounded 
^n^l^T-l ^ rjT* 114 °" d *• Ch * mber W8M 1U - ^ **W»t plate 10B has been arranged on ^.e 
2*r1?£^ . U 4, ? d ^f r ^*! S " 1,rChamb0r 11 and Has de™rcated the internal volume T17. The target 
^ ol! Sf^t ,n »" , - ted from ^ «*»«*er wall 114 by the annular insulator 110 which has aeparrto^the 
o^o«~ r^SLZ? ^ T^" 1 '" 8 " ne 1 1 f- Gonacally - in ^ to S"am"tee the integrity of the.vocuum in *e 
sS? * ** VaCUUm Seal ' 3 °° n3t ^ d on insulator 110 end in the bottom using an O rirTg (not 

[0017] Manufacturing the target plate 106 with the ingredient which becomes a deposition kind can also include tho 

r^ oTi-u batwaan * a p,ato 1 08 and chember wall 1 1 4 grounded electrically. WY 

L0018J The electrostatic chuck 136 holds and supports a substrate 120 i" n^^...!,, . h ^„ r 11a tk» 
eleotrostebo ch"°k 136 is atteched on the rise-and-fall system 132 for which the Vlertros'taTlcThuck'i 3 8 'Ta made 

SSS? «7StS-££Z t40 ia e,rtfcoded f ^ m *° periph - ' f *• tanner" l 8 made 

D0019] In the «estalt of 1 ope^tion of thia invention, the oleotroatatio chuok 136 contains one currently embedded 

sou^T itJ ht 55 ^ ! V 24 end 126 are . drivo ' 1 with electrical potential difference from the electrode power 
e?^J^™t' 7? Y *°* n " M - ^ an electrical potential difference, and clamp a S u^t^ T^O 
rn*^?°*^f support front face 1 Z2 of the electrostatic chuck 136l OT 

L0020J The oeromK, chuck body 138 is manufactured by alumimium nitride or boron nitride. Such an ingredient of 
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comparatively low specific resistance promotes the Johnsen Rahbeck effect during high temperature processing 
S^tS^TTSf? ^ «jth a useful tow specific reeielanw ceramic like tnl"u mTna 

25.- «"tn titanium oxide or chrome oxide are formed comparatively. If the electrostatic chuck 138 is used onJy 
wrthmtow temperature, the chuck body 138 will be formed uelng other ceramics and/or dielectric indents like an 

[0021] -Since the example of a ceramic electrostatic chuck is indicated by-U.-S. Pat Nc 5.1-17 1-21-an l,kv;ft-4«!i« .. 

T P tr- ^JTOfV" 1 " ? - Pte3se refer to Sin " £ example <ir a eScJolit? 

chuck . 5 indicated by U.S. Pat. No. 4.184.188 on January 15. 1880, and U.S. Pat No. 4.384.918 on May 24 1883 
please refer to. * » 

[0022] The shie^dmg asserf^y 1 ia is arrangeo in the processing chamber 1 16. The shielding- assembly 1 *8 Is 

r^rl L ^ , o°n r l 8a ^° P orforotod cylindrical shape shielding member 142, and the shadow ring 130. 
J£2 * * ^° ,1 °' ^° P erforatdd cylindrical shape .shielding member 142. and the shadow ring 130 from the 
^^T*** l^u" * * chamber component, the mutual array of the gas is carried out so that it can be 
made to The jklrt board 180 was secured between the target plate 106 and the retaining ring 112. and is 
caudad extended into the chamber volume 1 *7. * 13 

[0023] I The shielding member 142 encloses the mounting eclipse and the skirt board 180 in ~J~ typeface profile in 
the Retaining nn g 1 T2. Termination of the shielding member 1 42 is carried out at the edge 141 
K? s p nadow ™* 130 appears on an edge 141. when it is in the location where tha rise-and-fell system 132 

Uherefore. electrostatic chuck 136) descended. Moreover, the shadow ring 130 appears on the alignment nng 128. 
TiTL ^ l . ^ Wher * *• rise-an<MaU system 132 went up. The shadow ring 130 has the bore chosen so 
^^20 ,ocatod on th0 Periphery of the edge of a substrate 120, without the shadow ring 130 contacting a 

[00251 The gas panel 170 combined with the processing chamber 1 16 lets one or the ga a inlet 172 beyond it 
arranged in the chamber wall 1 14 pass, supplies an argon or other suitable raw gas. and is made to Introduce it into 
the processmg chamber 116. The argon which enters into the internal volume 117 enters into the- processing field 
176 wh.ch passes two or more holes 143 in the shielding member 142. and subsequently passes through between a 
sk,rt board 180 and the shadow rings 130. and is demarcated by the target plate 106, the electrostatic chuck 136; 
and the shielding assambly 118. 

[0026] The cleaning system 150 is equipped with the RF power source 152 and the matching circuit 154 The RF 
power source 152 is combined with the notching- circu* 154, The matching circuit 154-ia combined with t- of the- 
electrostatic chuck 136. or at least one of tha electrodes 134 beyond it. The cleaning system 150 is typically used 
periodical V. »n order to remove a contamination from the electrostatic chuck 136 as a part of maintenance program. 
Tne cleaning system 150 operates by supplying RF power to one or at least one of the electrodes 134 beyond rt 
and makes the plasma 177 ignite from the argori supplied to the processing chamber 116 from a gas panel 170 An 
argon i* ionized Wlt hin the plasma 177. etches substantially the- support front face 122 of the electrostatic chuck- 
136. and removes the contamination which may be deposited on the support front face 122 by it. the example of 
such a cleaning system — the [ o? Khurana and others on August 4; 1997 / Europe patent application ] — since it 
is Indicated by EP 0865070A1. please refer to. 

[0027] Jhe plasma detection system 160 is equipped with the floating contact 162 combined with the measurement 

device 64. The fleeting contact -4-62 » electricstfy- insulated from touchdown <thot- is. ft -hes- floated dcotr iootty) 

Furtherrnore. the floating contact 1 62 is *ut to the processing field 1 76 of the processing chamber 1 1 6 in which the 
plasma 177 is formed. In the gestalt of 1 operation, the floating contact t62 is the target fjlate 106 In "order to 1tean 
the target plate 106 from touch-down, please note that a power source 102 must not give a touch-down path into 

. the time amount of plasma detection. 
[0028] Drawing 3 shows the gestalt of alternative implementation of the floating contact 162 equipped with the 
conductive member 204 attached in the processing chamber 116. The conductive member 204 is put to the 
processing field 176 of the processing chamber 116 in whJch.th* plasma t7JLisJwmed The. conductive -member 204, 
is electrically insulated from other chamber demarcation structures 200 (the lid which has demarcated the 
processing field 1 76. a target, well, etc) by the dielectric insulator 202 so that the conductive member 204 can be 
ttoeted eleotncally. The conductive member 204 is combined with the measurement device 164. Actuation of the 
geetelt of operation shown in drawing ? will become clear from explanation of actuation of the gestalt of operation ^of 

- trie following drawing 1 , 

[0029] Returning to drawing 1 , the measurement device 164 detects change of the electrical potential difference of 
^e floating contact 162. In the gestalt of 1 operation, the measurement device 164 is a voltmeter, [f well versed in e 
field for the time being, please note being able to measure change of the electrical potential difference of the body 
Qnamely, floating contact) by many well-known approaches. Therefore, it should be thought that the activity of a 
PnnM-TT"" ol * cmatc method is within the limits of this invention in the present field for an amplitude measurement: 
\ »o TOJ /) otu * t,0n '* explained. The electrostatio chuck 136 accumulates a contamination on the support front face 
122, while processing two or more substrates 120. A cleaning cycle is started in order to remove a contamination 
from the support front face 122. For example, cleaning gas like an argon ia supplied to the processing chamber 116. 
from a gas panel 170. About 75W RF power is impressed to electrodes 124 and 126 from the cleaning system 150 
The plasma 177 ignites and a cor,L*r.ur«.«JtJM is «Luhed from rim support Fru„i f w T22. Tho pfesma 177 carries out 
induction of the bias voltage (as opposed to touch-down) to the floating contact 162. The electrical potential 
difference of the floating contact 162 is raised by the plasma 177. 
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II^/'^ ° f - 1 op " rati f indu , ction <* »■ electrical potential difference is carried out to floating contact 
by the pteamg , whjch ra.aea the electrical potential difference of floating contact to the electrical potential difforenco 

°i? r 8e , Ve :t' -"T'Volte) to about 3.6 thru/or about 7.0 votta. Thia electrical poteXl dHferencT 
^n^j £ ^ \ J chamber gaatalt. a target i^dictt and oend*^ RF-cJ^tHcal potential difference; en - 
argon style, etc., and changea in the gestait of other operations. 

SSS «™. 0 h?' ^ecstelt of various operations incorporating thia invention waa explained, if well veraed in a field 
for the time being, the geatart of other various operations can be eaaily devised within the limits of thia invention! 
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[DrawinK 12] 




[Drawing 131 
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METHOD AND APPARATUS FOR SEMICONDUCTOR WAFER 
PROCESS MONITORING 

BACKGROUND OF THE DISCLOSURE 

1. Field of Invention 

The present invention relates generally to an 
apparatus and concomitant method for monitoring processes 
in a semiconductor process chamber. More specifically, the 
invention relates to an apparatus that detects a plasma in 
the process chamber. 

2 . Background of Invention 

During many semiconductor processing operations, it 
is critical to maintain a substrate stationary during 
processing. To achieve these ends, substrate support 
pedestals often are equipped with substrate retaining 
devices such as electrostatic, mechanical, and/or. vacuum 
chucks in order to hold the substrate to a support surface 
of the pedestal. Pedestals equipped with, electrostatic 
chucks are commonly chosen as retaining devices because of 
their rapid activation and deactivation times, low 
likelihood of substrate damage and exposure of the entire 
wafer face during processing. 

Electrostatic chucks cperate by supplying DC voltage 
to an embedded electrode within a dielectric material. 
The applied voltage produces a charge on the support 
surface of the electrostatic chuck, which in turn induces 
an electrostatic potential of opposite polarity on a 
backside of the substrate adjacent the support surface. 
This electrostatic potential affixes a substrate to the 
pedestal during processing. 

The resistivity of the support surface is an 
important parameter for chucking anc de-chucking 
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perforraancG (i.e., the repeated clamping and releasing of 
the substrate from the support surface). Maintaining an 
intended characteristic resistivity at the support surface 
prevents charge migration and current flow that degrades 
the chucking force. Contaminants upon the chuck surface 
often increase the resistively of the chuck thereby 
parasitically altering the chucking performance. As such, 
the support surface of the electrostatic chuck must be 
free of contaminants in order to function reliably. Once 
substantial current leakage occurs or a residual charge is 
established within the electrostatic chuck, the result is 
a reduced or total loss of chucking force. 

A common form of electrostatic chuck surface 
contamination is the absorption of gases, or their 
reaction with the support surface of the electrostatic 
chuck (typically a ceramic material) , when the process 
chamber is vented to atmosphere. The exposure of the 
support surface containing residual atmospheric gases to 
high temperatures during wafer processing creates a low 
resistance contamination film across the support surface. 
Over time, the repeated venting of the chamber and 
exposure to elevated temperatures during processing 
multiply wafers, the contamination film increases in 
thickness and decreases in resistance. When the 
resistivity of the contamination film is lower than that 
of the ceramic, the electrostatic chuck begins to set up 
the opposite polarity charge in the contamination film 
itself, and not the substrate on top of the contamination 
film. Thus, chucking force between the substrate and the 
pedestal is lost. 

The impact of the contamination film on chucking 
performance depends on the thickness and resistivity of 
the contamination film as well as the operating 
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ternperature of the electrostatic chuck- Because the bulk 
resistivity of the electrostatic chuck material is 
inversely proportional to its temperature, the impact of 
the conductive contamination film is more severe at lower 
temperatures where the bulk resistivity is higher. Hence, 
if weak chucking force is observed at higher temperatures, 
the electrostatic chuck will exhibit almost no chucking 
force at lower temperatures. The primary variables which 
govern the formation of a contamination film on the chuck 
are operating temperature, time at temperature, and time 
of exposure to atmosphere. 

The contamination film will continue to grow on the 
surface of the electrostatic chuck until the formed 
contamination film is removed by a maintenance procedure. 
Maintenance is performed periodically to remove 
contaminant films from the electrostatic chuck support 
surface . 

One maintenance procedure consists of a low power in- 
situ plasma etch which sputters contaminants off the 
support surface of the electrostatic chuck. To perform 
this maintenance procedure, an RF generator, an auto- 
tuning RF match, and a service controller are installed on 
the applicable chamber. A plasma is generated within 
process chamber by applying RF power to the electrodes 
within the electrostatic chuck, while flowing argon gas 
into the chamber. Negative bias on the chuck, with 
respect to the plasma, causes argon ion bombardment of the 
chuck surface, wherein the ions ^sputter" off the 
contaminant layer. After the plasma etch has been 
performed and all contaminants have been removed, the 
electrostatic chuck has been restored to a condition to 
run substrates until the next maintenance service 
interval . 
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One problem associated with using low power plasma 
etching is the difficulty in confirming that the plasma 
has been struck, initiating the cleaning, or etch cycle. 
Some process chambers are ecjuipped with windows that allow 
viewing of the interior of the chamber. Thus, a user may 
be able to visually identify the presence of the plasma by 
viewing the plasma w glow* . However, not all chambers have 
the window positioned to allow for easy viewing of the 
plasma, while other chambers are fitted with process kits 
that frequently obstruct the line of sight between the 
window and the portion of the chamber containing the 
plasma- As such, verification of the presence of the 
plasma is often very difficult. 

If the removal of the contaminants from the 
electrostatic chuck is not successful, the cleaning 
process must be repeated. This repetition of the 
maintenance procedure leads to increased process chamber 
downtime, and correspondingly, reduced product throughput. 
Therefore, there is a need in the art for an apparatus 
that r facilitates the detection of plasma in a 
semiconductor process chamber. 

SUMMARY OF INVENTION 

The disadvantages associated with the prior art are 
overcome by a plasma detection system that facilitates 
determining a presence of a plasma within a semiconductor 
process chamber. A plasma detection system comprises a 
floating contact, i.e., electrically ^floating' from 
ground, exposed to a plasma forming region of a process 
chamber and coupled to a measuring device. The measuring 
device detects an increase in voltage on the floating 
contact when the plasma is struck in the plasma forming 
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region; thus indicating the presence of the plasma in the 
process chamber . 

A method for detecting presence of a plasma in a 
processing chamber is also disclosed. The method 
comprises the steps of electrically floating a contact 
exposed to a plasma forming region of the processing 
chamber, striking a plasma in the plasma forming region 
and measuring a voltage level of the contact. 

BRIEF DESCRIPTION OF DRAWINGS 

The teachings of the present invention can be readily 
understood by considering the following detailed 
description in conjunction with the accompanying drawings, 
in which: 

Fig. 1 is a simplified schematic of a semiconductor 
process chamber comprising a plasma detection system; and, 

Fig. 2 is a partial cross sectional view of an 
alternate embodiment of a plasma detection system. 

To facilitate understanding, identical reference 
numerals have been used, where possible, to designate 
identical elements that are common to the figures. 

DETAIL DESCRIPTION OF INVENTION 

FIG. 1 is a simplified schematic drawing illustrating 
a plasma detection system 160 of the present invention 
incorporated in a semiconductor wafer processing 
system 100. The invention effectively indicates when a 
' plasma is present in the semiconductor processing system 
100. The invention is generally applicable to deposition 
chambers of semiconductor wafer processing systems, 
including, for example, physical vapor deposition <PVD) or 
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sputtering chambers, chemical vapor deposition (CVD) 
chambers, and ion implant chambers. The invention is also 
applicable wherever an electrostatic chuck is used to 
retain a substrate within the chamber having plasma 
processing or cleaning cycles. 

By way of example, FIG. 1 schematically illustrates a 
PVD or sputtering system 100. The system 100 contains a 
process chamber 116, a gas panel 170, a cleaning system 
150 and a plasma detection system 160. The substrate 120 
{e.g., a semiconductor wafer) is positioned within the 
process chamber 116 during processing. Please note, 
conventional hardware components such as vacuum pumps are 
omitted for clarity. 

The exemplary process chamber 116 includes a 
grounded, cylindrical chamber wall 114 and a support ring 
112 that is mounted to the top of the chamber wall 114. A 
target plate 106 is disposed upon the chamber wall 114 and 
closes the process chamber 116, defining an interior 
volume 117. The target plate 106 is electrically 
insulated from the chamber walls 114 by an annular 
insulator 110 that separates the target plate 106 and the 
support ring 112. Generally, to ensure the integrity of 
the vacuum in the process chamber 116, O-rings (not shown) 
are used above and below the insulator 110 to provide a 
vacuum seal. 

The target plate 106 may be fabricated of a material 
that will become the deposition species or it may contain 
a coating 108 of the deposition species. To facilitate 
the sputtering process, a high voltage DC power source 102 
is connected between the target 106 and the electrically 
grounded chamber walls 114. 

An electrostatic chuck 136 retains and supports the 
substrate 120 within the process chamber 116. The 
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electrostatic chuck 136 is mounted upon an elevator system 
132 that provides vertical motion to the electrostatic 
chuck 136. A flange 140 extends from the perimeter of the 
electrostatic chuck 136 and supports an alignment 
ring 128. 

In one embodiment of the invention, the electrostatic 
chuck 136 contains one or more electrodes 134, for 
example, a first electrode 124 and a second electrode 126, 
imbedded within a ceramic chuck body 13 8. In a 
conventional manner, the electrodes 124 and 126 are driven 
by voltage from an electrode power source 104 and, in 
response to application of the voltage, the substrate 120 
is electrostatically clamped to the support surface 122 of 
the electrostatic chuck 136* 

The ceramic chuck body 138 is, for example, 
fabricated of alurninum-ni tride or boron-nitride. Such a 
relatively low resistivity material promotes the 
Johnsen-Rahbek effect during high temperature processing. 
Other relatively low resistivity ceramics also form useful 
high temperature chuck materials such as alumina doped 
with a titanium oxide or a qhromium oxide. If the 
electrostatic chuck 138 is to be used at low temperatures 
only, then other ceramic and/or dielectric materials such 
as alumina are used to form the chuck body 138. 

An illustrative ceramic electrostatic chuck is 
disclosed in U.S. Patent No. 5,117,121, issued May 26, 
1992, and U.S. Patent No. 5,656,093, issued August 12, 
1997, both of which are herein incorporated by reference. 
Examples of non-ceramic electrostatic chucks are disclosed 
in U.S. Patent No. 4,184,188, issued January 15, 1980 and 
U-S. Patent No. 4,384,918, issued May 24, 1983, both of 
which are incorporated herein by reference. 
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A shield assembly 118 is disposed within the process 
chamber 116. The shield assembly 118 comprises a skirt 
180, a perforated cylindrical shield member 142 , and a 
shadow ring 13 0. The skirt 180, shield member 142 and the 
shadow ring 130 are inter-leafed as to allow gas passage 
and while shielding chamber components from the effects of 
deposition. The skirt 180 is secured between the target 
plate 106 and the support ring 112, and extends downward 
into the chamber volume 117 . 

The shield member 142 is affixed to the support ring 
112 and circumscribes the skirt 180 in a n J" profile. The 
shield member 142 terminates in an end 141. 

The shadow ring 130 rests upon the end 141 when the 
elevator system 132 (and thus the electrostatic chuck 136) 
is in a lowered position. The shadow ring 13 0 alternately 
rests upon the alignment ring 12 8 when the elevator system 
is in an upper position. The shadow ring 130 has an inner 
diameter selected so that the shadow ring 130 fits 
peripherally over the edge of the substrate 120 without 
contacting the substrate 120. 

The gas panel 170 is coupled to process chamber 116 
and supplies argon or other suitable process gases to 
enter process chamber 116 through one or more gas inlets 
172 disposed about the chamber walls 114. Argon, entering 
the interior volume 117, passes through a plurality of 
perforations 143 in the shield member 142, then passes 
between the skirt 180 and shadow ring 13 0, and enters a 
processing region 176 defined by the target plate 106, 
electrostatic chuck 136 and the shield assembly 118. 

The cleaning system 150 comprises an RF generator 152 
and a matching circuit 154. The RF generator 152 is 
coupled to the matching circuit 154, The matching circuit 
is coupled to at least one of the one or more electrodes 
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134 within the electrostatic chuck 136. The cleaning 
system 150 is typically utilized periodically to remove 
contaminants from the electrostatic chuck 136 as part of a 
maintenance program. The cleaning system 150 operates by 
applying RF power to the at least one of the one or more 
electrodes 134, striking a plasma 177 from argon supplied 
to the process chamber 116 from the gas panel 170. The 
argon is ionized in the plasma 177 and subsequently etches 
the support surface 122 of the electrostatic chuck 136, 
thus removing contaminants that may be disposed upon the 
support surface 122. An example of such a cleaning system 
is described in the commonly assigned European Patent 
Application No. EP0865070A1, filed August 04, 1397, by 
Khurana et al., and is hereby incorporated by reference in 
its entirety. 

The plasma detection system 160 comprises a floating 
contact 162 coupled to a measuring device 164. The 
floating contact 162 is electrically isolated from ground 
(i.e., electrically floating). The floating contact 162 
additionally is exposed to the processing region 176 of 
the process chamber 116 in which the plasma 177 is formed. 
In one embodiment, the floating contact 162 is the target 
plate 106. Note that in order for the target plate 106 to 
float from ground, the power source 102 must not provide a 
ground path during time of plasma detection. 

Depicted in Fig. 2 is an alternate embodiment of the 
floating contact 162 comprising a conductive member 204 
affixed to the process chamber 116. The conductive member 
204 is exposed to the processing region 176 of the process 
chamber 116 in which the plasma 177 is formed. The 
conductive member 204 is electrically isolated from other 
chamber defining structures 200 (lid, targets, walls, and 
the like which bound the processing region 176) by a 
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dielectric insulator 202 as to allow the conductive member 
204 to electrically float. The conductive member 204 is 
coupled to the measuring device 164. The operation of the 
embodiment depicted in Fig. 2 follows as described in the 
discussion of the embodiment depicted in Fig. 1 below; 

Returning to Fig. 1, the measuring device 164 detects 
a change in voltage of the floating contact 162. In one 
embodiment, the measuring device 164 is a voltmeter. 
Please note that one skilled in the art may measure a 
change in voltage of a body (i.e., the floating contact) 
through numerous well-known methods. As such, the use of 
alternate methods for determining voltage measurements 
that are well-known in the art, should be considered 
within the scope of the teachings described herein. 

In operation, the electrostatic chuck 136 accumulates 
contamination on the support surface 122 during processing 
a plurality of substrates 120. To remove the 

contamination from the support surface 122 , a cleaning 
cycle is initiated. A cleaning gas, for example argon, is 
supplied to the process chamber 116 from the gas panel 
170. RF power from the cleaning system 150 of 
approximately 75 Watts is applied to the electrodes 124 
and 126. Plasma 177 is struck and the contaminants are 
etched from the support surf ace 122. The plasma 177 
induces a bias voltage to the floating contact 162 with 
respect to ground. The floating contact 162 experiences a 
voltage rise due to the plasma 177. 

In one embodiment, the floating contact is induced 
with a voltage by the plasma that causes a rise in the 
voltage of the floating contact from zero (or trace 
millivolts) to a voltage in the range of about 3.6 to 
about 7.0 volts. The voltage will vary in other 
embodiments due to changes in the chamber configuration, 
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target material and condition, RF voltage, argon flow and 
the like. 

Although various embodiments which incorporate the 
teachings of the present invention have been shown and 
described in detail herein, those skilled in the art can 
readily devise many other varied embodiments that still 
incorporate these teachings. 
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What is claimed is: 

1. Apparatus for detecting a plasma in a plasma 
processing chamber, said apparatus comprising: 

an electrically floating contact, said floating 
contact changing in electrical potential when exposed to 
said plasma; and 

a measuring device coupled to said floating contact. 

2. The apparatus of claim 1 wherein the floating contact 
further comprises a process chamber target. 

3. The apparatus of claim 1 wherein the floating contact 
obtains a bias voltage when exposed to said plasma. 

4 . The apparatus of claim 3 wherein said bias voltage is 
about 3.6 to about 7.0 volts. 

5. The apparatus of claim 1 wherein said measuring device 
further comprises a voltmeter. 

6. The apparatus of claim 1 further coir$>rising : 

an electrostatic chuck disposed within said process 
chamber . 

7. The apparatus of claim 1 wherein said floating contact 
further comprises: 

a contact member coupled to said measuring device and 
exposed to said plasma; and 

an insulating member that electrically insulates said 
contact member from said processing chamber. 
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8. The apparatus of claim 7 wherein said measuring device 
is a voltmeter. 

9. Apparatus for detecting plasma comprising: 

a process chamber having walls and a lid defining a 
plasma processing region; 

a target disposed proximate said lid, said target 
exposed to said plasma processing region; and, 

a measuring device coupled to said target. 

10. The apparatus of claim 9 wherein said process chamber 
further- comprises: 

an electrostatic chuck having at least one embedded 
electrode/ said electrostatic chuck disposed within said 
process chamber. 

11. The apparatus of claim 9 wherein said process chamber 
further comprises: 

a cleaning system. 

12. The apparatus of claim 9 wherein the target obtains a 
bias voltage when exposed to said plasma. 

13. The apparatus of claim 12 wherein said bias voltage is 
about 3.6 to about 7.0 volts. 

14. The apparatus of claim 9 wherein said measuring device 
further comprises a voltmeter. 



15. The apparatus of claim 9 wherein said process chamber 
is a physical vapor deposition chamber. 
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16. The apparatus of claim 11 further comprising: 

a power source coupled to said target wherein said 
power source electrically floats from ground when said 
cleaning system is energized. 

17 . A method for detecting presence of a plasma in a 
processing chamber, the method comprising the steps of: 

electrically floating a contact exposed to a plasma 
processing region of said processing chamber; 

striking a plasma in said plasma processing region; 

and, 

measuring a voltage level of said contact. 

18. The method of 17 wherein the contact is a physical 
vapor deposition chamber target. 

19. The method of claim 18 wherein the step of 
electrically floating said contact further comprises: 

isolating a power source coupled to said target. 



20. The method of claim 17 wherein said voltage level o 
said contact is induced by said plasma. 
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ABSTRACT 

A method and apparatus for detecting the presence of 
a plasma. The apparatus comprises an electrically 
floating contact member that is exposed to a plasma 
forming region, for example, a^ semiconductor wafer 
processing chamber. The floating contact is coupled to a 
measuring device. When a plasma is present in the plasma 
forming region, the plasma induces a voltage upon the 
floating contact which is detected by the measuring 
device. 



